Extensive soft tissue injury and bone fracture are significant contributors to the initial systemic inflammatory response in multiply injured patients. Systemic inflammation can lead to organ dysfunction remote from the site of traumatic injury. The mechanisms underlying the recognition of peripheral injury and the subsequent activation of the immune response are unknown. Toll-like receptors (TLRs) recognize microbial products but also may recognize danger signals released from damaged tissues. Here we report that peripheral tissue trauma initiates systemic inflammation and remote organ dysfunction. 
INTRODUCTION
Trauma and its sequelae account for 6% of all deaths and remain the leading cause of death in the United States for individuals under the age of 54 years. Injuries involving bone and soft tissue represent a major cause of morbidity and mortality in the trauma population. Over 90% of multiply-injured patients have one or more extremity fractures 10 .
Moreover, the presence of long bone fractures and soft tissue trauma strongly correlates with the development of systemic inflammatory response syndrome (SIRS), sepsis, and multi-system organ failure (MSOF) 54 .
Traumatic injury may lead to both local and systemic inflammation 12, 48 . Systemic inflammation can lead to multiple organ dysfunction remote from the site of traumatic injury. Increased expression of mediators (cytokines, eicosanoids), upregulation of leukocyte adhesion molecule expression, and influx of polymorphonuclear cells (PMN) into injured tissues indicate that a profound inflammatory process occurs following traumatic injury. However, the exact molecular events initiating the systemic inflammatory response to local soft tissue and bone injury are unknown. Previous animal and human studies have demonstrated the immunosuppressive effects of blunt traumatic injury 66 . The deleterious impact of femur fracture and associated soft tissue injury on remote organ function has been described in regard to splenocyte proliferation, intestinal permeability, and hepatic ischemia 37, 51, 62 . Though many organs are affected by the systemic mediators released during trauma, the liver is a primary site of response 18 .
The Toll-like receptors (TLRs) are an evolutionarily conserved family of pattern recognition receptors central to the innate immune response to infection. TLRs are responsive to pathogen-associated ligands such as lipopolysaccharide (LPS), peptidoglycan and other microbial components. Recent evidence also suggests that TLRs can recognize endogenous ligands that signal host injury, including hyaluronic acid, heparan sulfate, heatshock proteins, fibronectin, and biglycan 22, 27, 40, 41, 50, 56 . Thus, a paradigm of the innate immune response to injury is emerging in which TLRs recognize danger signals initiated by cellular damage independent of infection 30, 38 . Of these receptors, TLR4 has been recognized as a driver of the innate immune response in situations of sterile inflammation and auto-immunity. Specifically, TLR4 mutant mice demonstrate protection from hemorrhage-induced acute lung and hepatic injury, myocardial reperfusion injury, and hemorrhagic shock related TNF release and mortality 2, 8, 42, 46 .
In light of these considerations, we sought to determine if a sterile, local tissue injury in the form of bilateral femur fracture causes systemic inflammation and remote organ dysfunction in a TLR4-dependent manner. The liver plays a central role in regulating the systemic inflammatory response to trauma 44 . Semi-quantitative RT-PCR was employed to further assess end-organ inflammation in the liver with regard to expression of IL-6, IL-10 and TNF. Total hepatic RNA was isolated and results were normalized to 18S. As depicted in Figure 3 , TLR4 mutant mice exhibited lower hepatic levels of IL-6, IL-10, and TNF mRNA following bilateral femur fracture compared to wild-type mice.
MATERIALS & METHODS

Reagents
TLR4 signaling leads to activation of the transcription factor NF-B, thereby inducing a variety of pro-inflammatory cytokines and adhesion molecules that contribute to organ injury 31 . NF-B activation is a proximal step in hemorrhage and endotoxin-induced organ injury 17 . In mice subjected to bilateral femur fracture, increased hepatic NF-B DNA binding was noted by EMSA in TLR4 wild-type mice. In contrast, TLR4 mutant mice showed a muted hepatic inflammatory response to femur fracture evidenced by decreased NF-B activity (Figure 4 ).
DISCUSSION
Extensive soft tissue injury and bone fractures are significant contributors to the initial systemic inflammatory response in multiply injured patients 35 . Local tissue damage induces both local and systemic responses in the host. The magnitude of the systemic inflammatory response correlates with the severity of injury 28, 36 . Clinically, this is manifested along a spectrum that varies from a mild case of systemic inflammatory Our results do not define the mechanism underlying the liver damage that occurs with femur fracture. We closely monitored systemic blood pressure throughout the experimental time frame and maintained MAP above 60 mm Hg. Although we cannot absolutely rule out local perfusion deficits, this alone seems an unlikely explanation for our findings. Inflammatory mediators such as IL-6 have been shown to contribute to end-organ injury in hepatic I/R and hemorrhagic shock models 14, 32, 57, 64 . Therefore, it is possible that both the systemic and local hepatic production of IL-6 and other pro-inflammatory mediators may contribute to the end-organ damage observed in our model.
Several studies have suggested that many of the inflammatory changes resulting from traumatic injury are secondary to increased gut permeability 34, 49, 61 and subsequent release and recognition of gut-derived LPS due to bacterial translocation 11, 16, 21 . This concept of physiologic stress resulting in impaired gut barrier function and subsequent translocation of bacteria/endotoxin into the systemic circulation and remote organs has been termed the "gut hypothesis" 7 . However, both animal and human trauma studies have failed to conclusively demonstrate either the presence of elevated LPS or increased bacterial translocation 1, 9, 45, 49 . As a result, a lack of consensus exists surrounding the role of bacterial or endotoxin translocation in the systemic inflammatory response to trauma.
Cellular responses to LPS in levels typically measured in the circulation (pg/mL to ng/mL) require the participation of either surface or soluble CD14 63 . In this role, CD14
participates in TLR4/MD2-dependent LPS signaling pathways 3, 19, 25 . In our study, the lack of protection in CD14 -/-mice suggests that LPS is not involved in either the hepatic injury or systemic inflammatory response resulting from bilateral femur fracture. Moreover, LPS levels from fractured mice were all less than 0.25 EU/mL and no differences were noted between TLR4 wild-type and TLR4 mutant animals (data not shown). This implies that the pathway of recognizing and responding to a peripheral, traumatic insult is distinct from that of typical TLR4-dependent LPS signaling.
The similarity between the SIRS of infection and the SIRS of injury suggests a common response mechanism for the recognition of both infectious agents and tissue injury 
